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3 Generation oscillations
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I Neutrino Oscillations Results

Am; =(8.0+03)10"eV’
sin“20,, = 0.86+0.04
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Next Generation Experiments

- S - . 2 . —
» Increase sensitivity sin“20_, & 6, significantly
> precision measurements of Am® & sin“20_,

i i 2
» resolve mass hierarchy (sign of Am-, )

» sensitive to new physics

The heart of the 3 generation picture needs an
appearance experiment with L/E that includes effects
from both mass differences. This implies baseline >
2000 km

This performs all remaining physics in one project



I Why Very Long Baseline?
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Probability

v, —> v Vacuum Oscillations - VLBNO
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ve Probability

v, —> ve CP Phase Effects - VLBNO

L =2540 km Pearth = 3.4 gm/cm3
assume sin? 20,; = 0.04
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Oscillations with Matter Effects - VLBNO
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US possibilities for

Source Proton beam Proton beam
energy power
FNAL Ml _ -2 MW X
(McGinnis upgrade) | =P~ 0-120GeV (Ep/120GeV)
FNAL Ml
(with 8GeV Ep=8-120 GeV 2 MW @ any Ep
LINAC)
BNL-AGS _
(upgrade 2.5- 5 Hz) Ep=28 GeV -2 MW




D. McGinnis concept to get |.| MW at 120 GeV under $100M

= After the collider program concludes, the present
antiproton production complex can be converted
into a multi-stage proton accumulator for injection
into the Main Injector.

» Debuncher ->Wide Aperture Booster

SYNCHROTRON INJECTION
Main Injector: 120 GeV, 0.56 Hz Cycle, 1.67 MW Beam Power
Surplus Protons: 8 GeV, 11.7 Hz Avg Rate, 0.39 MW Beam Power
8 GeV Synchrotron Cycles 2.5E13 per Pulse at 15Hz

concept with new 8 gev booster
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Multi-stage Proton Accumulator Production Cycle
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8 GeV Superconducting Linac

With X-Ray FEL, 8 GeV Neutrino & Spallation Sources, LC and Neutrino Factory

Injector
@2 MW/

Short Easellneﬁiﬂ
\ Qetectnr Array




Beam Energy [GeY]
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8 GeV, 4.67 Hz Cycle, 0.93 MW Beam Power

Linac Electrons: 8 GeV, 4.67 Hz Cycle, 0.93 MW Beam Power
8 GeV Linac Cycles 1.5E14 per Pulse at 10Hz
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US possible baselines

Source | Detector |Distance| Depth Comment
High E beam exists, not
FNAL [ Soudan | 735 km | 2300ft DUSEL site
FNAL [Homestake | 1290 km| 7700ft no beam, DUSEL site,
capable of large exca.
FNAL [Henderson| 1500km | 5000 ft no beam, DUSEL site,
capable of large exca.
BNL Soudan [I711 km| 2300 ft --
BNL |Homestake | 2540km | 7700 f¢ | StudY of beam and physics
exists and documented
BNL | Hendersn | 2767km | 5000 ft --




Possibilities for study

Event rate for

Source-det Detector size | beam E and power neutrino
running
50000 CC
BNL-HS (2540) 500 kT | MW@28 GeV 17000 NC
194000CC
FNAL-HS(1290) 500kT | MW@28 GeV 66000NC
~60000
FNAL-HS(1290) 200kT 0.5MW@60GeV ~70000
FNAL-Hend(1500) 200kT 0.5MW@60GeV :nggg
2188 CC
FNAL-HS(1290 200kT 2MW@8GeV
( ) ‘ using I‘g(?ﬁibooﬁe data 850 NC
~20000 CC
NOVA(810) 30kT 2X0.65MW@ 120 ~6000 NC

5 X 1077 sec of running assumed
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nu/GeV/m?/POT at 1 km

Flux shapes for DUSEL
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Unique situation in US

® Baselines of 1000 - 2000 km are easy.

® At least two sites with depths of ~5000mwe
(needed for low deadtime in these large
detectors, big issue for HyperK)

® DUSEL process already in the works.



Detector

e 500 KT fiducial mass for both proton decay and
neutrino astro-physics and neutrino beam physics.

e ~10% energy resolution on quasielastic events.

® muon/electron separation at <1% Previous issues

e 1,2,3 track event separation. == being solved
e Showering NC event rejection at factor of ~20.

e | ow threshold (~5 MeV) for solar and supernova
physics.

e Time resolution ~few ns for pattern recognition and
background rejection.

Water Cherenkov can satisfy these requirements
Not magic. Performance is obtained by giving up large fraction of

potential signal CC events; and using the kinematics of NC events.



Background issues

® NC kinematics favors a falling spectrum.
Background is pushed to low energies.

® Currently we are assuming that we use only
the cleanest events. eff. < 20 %. Large
fraction of CC events could be used if
detector can be finer grained.

® No hardware enhancements assumed for
water Cherenkov detector so far.



vV, disappearance

neutrino running:

1MW beam :
0.5Mt water Cerenkov det.
2540km distance

5e7s running time
~50000 tot CC events

determine Am?__
& sin“26_,to 1%
systematics dominated

E‘i ents/hin

anti-neutrino running:

same as v but with
2MW beam

l.,,“

200

150

100

Vi DISAPPEARANCE

BMNL-HS 2540 km
sin“26,, = 1.0
Ant' = 2.5e-3 eV*
L MW, 0.5 MT, 567 sec
— No oscillations: 13290 evts

: h With oscillations: 6538 evis

Background: 1211 evis

{ 3 8 £ £ & 1§ § .8 1b
Reconstructed v Energy (GeV)

e CPT test possible

including anti-v running: ; grors below 1% achievable



Complete water Cherenkov detector simulations progress
v, CC for signal ; all v .. NC, v, beam for background

uw,t,e
» Am?, =7.3 x 10-3eV?, Am?, =2.5 x 10" 3¢ V? = 5in’26,(12,23,13)=0.86/1.0/0.04, 8 ,=+45,+135,-45,-135°

500 D 410026 60 | D 400025

r Entries 4210 | Entries 25002
Mean 1271. | Mean 2559.
RMS 1133. L RMS 1834.
UDFLW 0.000 50 |- UDFLW 0.000
OVFLW 0.9005 OVFLW 0.1529E-01

450 —

400

300 |- CP 45 o CP 45
v, background 57

250 — “

20 I v, background 127 :

150 Signal 700 2 :

: Signal 321

10

0 m L P 0 T T T S e e W TS
) Reconstructed energy MeV ' " " I{gocoonstrusgg(:ad enell'(g? MeV
Perform analysis of single
Select single ring events and electron pattern, likelihood cut
select electrons retaining ~50% of signal.

Signal/backg = 700/2005 === Signal/back = 321/169

C. Yanagisawa (Stony Brook), 3™ BNL/UCLA workshop
http://www.physics.ucla.edu/hep/proton/proton2005.htm



vV, Appearance

backgrounds:
e beam v

e NC v
u

neutrino running:

measure sin226r13 and &

for sin°26_, > 0.01
resolve mass hierarchy

Include anti-neutrino run:
exclude sin22e913 > 0.003

CP

Events/bin
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g0

60

40

20

v, APPEARANCE

BNL-HS 2540 km
sin”20, (12,23,13) = 0.86/1.0,0.04
Am 2 (21 32) = 7.3e-52.50-3 e\
1 MW, 0.5 MT, 567 sec

___ CP135°: 591 avis

CP 45": 449 evis

.. CP-45": 300 avis
Tot Backg.: 146 evis

.. v, Backg.: 70 evts

1 2 3 4- 5 6 7 8 @9 10
Reconstructed v Energy (GeV)

if sin“20 .00 small » & measurement not possible

observation V_appearance possible through solar term



Discovery of 03

1073
I
Tme vahoe of sin® 25

_3
10—

- simulate data for
0 and 913 74 0

- fry to fit them
with 6 13 = 0

- repeat the fit for
the wrong hierar-
chy

- take the smallest

XE

P Huber — p.24/33



CP fraction
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True value of sin” 285 True value of sin” 285

Tme value of sin” 265

» reduces 2D plot to 3 points

» allows unbiased comparison

» allows risk assessment
» CPF =1, worst case — guaranteed sensitivity

CPF =0, best case

L

P Huber — p.25/33




. .2
Discovery of non—zero sin™ 263 at 3o CL

GLoBES calculation
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Sensistivity to inverted mass hierarchy at 3o- CL

Globes calculation
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» long baselines are clearly favored




Discovery of CP violation

- simulate data for
) 74 0} 7 and 913

- fry to fit them
witho =0, 7

- repeat the fit for
the wrong hierar-
chy

- take the smallest

XZ

_3
107

Tme vahie of sin® 285

P. Huber —p.27733



Baseline dependence

Sensistivity to CPV at 30 CL

oFy
—_
=
L |
=l
=]
T
)
o
b
-
=
o
b
p—
-

1000 1500 2000
Baseline 'km)|

» baselines between 1000 and 2000 km are very
similar

P Huber — p.28/33




Regular hierarchy v and Antiv running Regular hierarchy v and Antiv running
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Figure 7: 90% confidence level error contours in sin” 26014 versus 6 p for statis-
tical and systematic errors for 32 test points. This simulation is for combining
both neutrino and anti-neutrino data.

FNAL-HS. We assume 10% systematic errors for this plot.

Left is for BNL-HS and right is for



3 o Sensitivity to 6,.# 0

Comparison with Proton Driver

B [ NOvA _ L =810 km
“ 48 L 12 km off axie
: Il: LI".m23_2=
i { 2.5 107 aV*
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- Eachvandv
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Gary Feldman ENL-FNAL Meeting 14 November 2005 6



Comparison of discovery reaches (30)

5i11"325'13:
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3 ¢ Discovery Limits for 913 #0

§ years of running
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Sensitivity to mass hierarchy:
T2K-ll vs. (Kam+Korea) vs. super—No«ua

‘1 IIII|I-,IIlIrIII||||I1II|IIII|IIIJ|rI

0 F VY X R = e e 95% CL dashed: w/
: : - solid: w/o proton D

A2 Kamioka 054 Mion 1
— Kamioka 027 Mon + Koea 0.27 Mon i

Kamioka 0.16 Mion + Korea 0.38 Mon 1 f 'I‘_"'fz”;épa':"a"f;e:'ﬁ“‘E'Pasm"?
) N T Kﬂ‘ﬂiﬂk&ﬂﬂﬁMﬁJnH{ﬂlﬂﬂ 049Mon  normal ' B an ) AL
= L el ] Both 1st osci. max
| | | | I . ?AI | | | 1 ] | | | | I | | |
[] 1 3 4 5 B | I Il I | | 1 1 | | | | 1 Il 1 |
. s ) ot ] ﬁE
thick: 3o,

thin: 20 E.




Sensitivity to CP:
T2K-ll vs. (Kam+Korea) vs. Nova

3 ¢ Delermination of CP Violation
Sengsitivity to CP violation
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YVhat needs to be
examined for LOI

Detector simulations: Spectrum versus
background.

Cost of excavation at DUSEL (preliminary
numbers ~$20M/100 kT.)

Cost of ~100 kT water Cherenkov detector.
(well known cost dominated by PMTs)
2 people

Beam optimization: FNAL spectrum versus
power level tradeoffs.

Cost of new beam to DUSEL. | person



® Powerful method for neutrino oscillations and CP
violation study.

® Ve have made great progress on many technical

Issues.
Summary

® |Important work performed on detector
background issue.

® [owest risk most cost effective option for a long
baseline second generation experiment. Nucleon
Decay, Solar and atmospheric neutrinos, supernova
are all extras.

® |f sufficiently long L/E, then you will see electron
appearance through the solar term. This is essential
physics.

® Need ~8 people for complete study from FNAL to
DUSEL.



